Abstnet. In molecular biology, two finite sequences are compared by displaying one sequence written over another in an alignment. The number of alignments of two sequences is related to the Stanton-Cowan numbers. This paper gives asymptotics for the number of alignments of two sequences of length n with matching sections of size at least b.
Mathematics has played an important role in modern molecular biology in the area of sequence comparison. When nucleic acid (DNA or RNA) or protein sequences are determined, the question of relationships between sequences arises. Frequently two (or more) sequences are compared by dynamic programming or other methods to produce one or more sequence alignments which display one sequence written over another. When one letter (nucleotide in DNA) is written above another, they are presumed to have a common evolutionary ancestor. When a gap appears above or below a letter, the evolutionary event of insertion or deletion is assumed to have taken place. A review of methods to perform this analysis appears in Waterman [7] .
An example of two different alignments of two sequences appears in Fig. l (a) and l(b) (Fitch and Smith [2] ). The upper sequence is chicken @-hemoglobin messenger RNA (mRNA), nucleotides 115-171, and the lower sequence is chicken a-hemoglobin mRNA, nucleotides 118-156. These mRNA sequences are transcribed into hemoglobin protein molecules and are well known to have arisen from a common ancestor. In fact so many hemoglobin sequences are known that the alignment is presumed known, and the paper of Fitch and Smith is a study of the ability of various alignment algorithms to produce correct results.
As is easy to imagine, many ad hoc methods have arisen to align sequences. The most naive simply look at the sequences and perform the alignment visually. In order Let g ( by n ) denote the number of alignments of two sequences of size n in which matching sections have size at least b. Equivalently, g ( b, n ) is the number of ( 0 , l ) -matrices with 2 rows and an unspecified number of columns such that both rows contain precisely n l's, each column contains at least one 1, and columns with two 1's occur in adjacent sections of size b or more. We are interested in the asymptotic behavior of g ( b, n ) for fixed b as n +coy as a function of b.
Observe that alignments where no column sum equals 2 are simply permutations of n columns with a single 1 in row 1 and n columns with a single 1 in row 2. with sum 1 . This contributes a factor of (2)~"' to +,,,(x) since each row gets m 1's from these 2m columns. Next observe that there are 2m + 1 slots into which may be inserted either no i columns or at least b i columns. These slots precede, go between, and follow the 2m columns with one 1. So each such slot contributes a factor, call it Y=Y(x), to bm(x), where y=y(x)=1+xb+xb+'+. * -
Hence,
We obtain (3) since each alignment coded by 4,,,(x) is determined completely by the permutation of its columns with sum 1 and by the number s of columns inserted into each slot. Such an alignment of size n contributes a term X" to the sum &(x). The set of all 2-sequence alignments with columns in groups of size at least 6 is the union over m 2 0 of the alignments enumerated by the series &(x). Hence we obtain:
Applying the Binomial theorem,
Plugging in for y, we obtain
Observe that h(0)=1 and l~( i ) = ( $ )~-( ( f )~+ $ )~< O ,
so that h has a real root in ( 0 , i ) . Let p be the smallest such root of h. The radius of convergence of G(x) is determined by the roots of h(x), so the following lemma implies that G(x) has radius of convergence P.
LEMMA. n e unique root of h(x) with the smallest modulus is p , and p is a single root of h(x).
Proof of Lemma. Let z E C, IzI S p, be a root of h ( z ) . We first show that in fact IzJ = p must hold. We have that = 0.
Since 0 < z < f , it follows that so that Next we observe that because p is a root of h, as n+m. Table 1 also suggests what happens to Db and yb as b-*oo, which is straightforward to derive from the observation that as b + 00 the smallest root of h ( x ) , p, increases and approaches a: 
